We present a useful clue to estimate the energy and chemical composition of the primary cosmic radiation between 10 and 10 eV. The method uses various kinds of quantities as measure by a hybrid detector, an emulsion chamber in the central part of an extensive air shower (EAS) array at mountain altitude. The characteristic features needed for the analysis are derived in detail through the Monte Carlo method. The procedure permits an analysis on individual events; it gives an estimation of the mass and energy of a primary nucleus initiating a shower. The estimation of the primary energy is with quite negligible ambiguity. We show that the HAS size measurement could be complementary to quantities as measured by an emulsion chamber detector to improve the accuracy of the primary cosmic ray identification. PACS number(s): 13.85. Tp, 96.40.De 
I. INTRODUCTION
The primary cosmic ray composition plays a crucial role in the knowledge of astrophysics particles, because the primary energy spectrum and also the chemical composition are connected with the problems of the origin and propagation of the cosmic particles into and out of the galaxy.
Direct measurements have been done using balloons, aircraft, and satellites [1 -3] . However, these measurements are limited to energies below 10 eV by the low Quxes and the limited exposure time in space or on balloons. Thus, the primary Qux composition in the very high energy region (above 10~4 eV) can be obtained using only indirect methods of ground-based detectors to look at the showers initiated for the interaction of primary nuclei in the upper atmosphere. There are several air shower parameters that show some sensitivity to the primary composition. However, interpretations of extensive air showers (EAS's) as well as high energy p-ray families require the knowledge of the properties of nuclear interactions in the energy region above 10~4 eV. The problem at present is that there are suFicient uncertainties in the mechanism of multiple production of hadrons, especially in the fragmentation region (forward region), because even in accelerators (such as colliders) that have a very high available energy (O. l-2. 0) x 10~s eV in the laboratory system, compatible with cosmic ray experiments, only the central region is plentifully observed.
Thus, how to extrapolate the hadronic physics of an accelerator, beyond the kinematics and energy region covered by these machines, implies a corresponding uncertainty in the interpretation of cosmic ray showers. The situation is delicate, because the same shower data can accommodate difFerent and contradictory interpretations.
A new generation of sophisticated air shower detectors, called "hybrid detectors, " emulsion chambers in the central part of an extensive air shower array at mountain altitudes, has been developed. The simultaneous observation of high energy p-ray bundles in the emulsion chamber and accompanying EAS's in large scale can provide details of the primary cosmic ray composition or in principle distinguish groups of nuclei, with an accuracy better than 27%, in the energy region of 10is-10' eV that includes the so-called "knee" region in the primary cosmic ray energy spectrum, as well as the characteristics of hadronic interactions in the extremely high energy region, beyond the collider experiments. In the last years, experimental data on the small scale of these hybrid detectors became available from three groups: Norikura [4] , Tien-Shan [5] , and Chacaltaya [6] . They have successfully tested the concept. In this context two large scale experiments are planned: the Omega experiment at Chacaltaya (5200 m above sea level) and the Yangbajing experiment at Tibet (5300 m above sea level). The Omega experiment is an upgrade of the SYS (Saitama, Yamanashi, San Andres) EAS array and Brazil-Japan emulsion chamber. A. Emulsion chamber as shower detector
Following the ordinary point of view on hadronic interaction of cosmic ray particles with atmospheric nuclei and subsequent atmospheric propagation, high energy secondary particles are registered as small showers in an emulsion chamber (spot darkness in x-ray films) [7, 8] .
The shower that starts in the first layers of the chamber is of electromagnetic origin (abbreviated as "p ray"); on the other hand, a shower starting in deep layers is of nonelectromagnetic origin (abbreviated as "hadron").
These hadron-induced showers can be mainly initiated by a charged pion or nucleon.
As for the detection of the shower efficiency in the emulsion chamber, the most adequate measurable quantities are the shower energy of electromagnetic origin ("p ray"), E~, together with the relative position in the chamber K", defined as the radial distance &om the of the secondary and primary particles, respectively, and is the inelastic cross section. The problem of the scaling validity in the &agmen-tation region was investigated by the UA-7 experiment [9] , installing a silicon detector in Roman pots at CERN reached at the Interacting Storage Rings (ISR) energies up to~s = 630 GeV, and they concluded that it holds in terms of do /dy. While in terms of 1/(o;", ) do;",/dy it indicates scale breaking because the data &om the ISR and UA-7 experiments must be divided on difFerent values o;", which are distinguished by a factor of 2. A reanalysis made in [10] shows that the degree of violation of the scaling law is not strong in this region; in this case the inelasticity decreases slowly &om K = 0.5 at~s = 53
GeV to (extrapolated value) K 0.4 at v s 1.8 x 10
GeV.
Despite the uncertainties in the &agmentation region (which must be included in the primary mass resolution), the hadronic interaction implicit in the nucleus-nucleus collision has been simulated with an "ln 8" extrapolation of a model on the basis of accelerator data, the UA5 In this work the number of wounded nucleons is generated through relation (10) (see the Appendix), which includes Huctuations in the fragmentation process, the emission of n particles, evaporated (or free) nucleons, etc. The results obtained with this &amework are a little difFerent &om the results obtained &orn the Glauber formalism as reported in [21] where a comparison with experimental results is also carried out.
Fluctuations beyond these values (even if they are large) have very little inHuence on air shower development, though, because all nucleons will interact in the atmosphere sooner or later. Quantities such as the multiplicity of secondary particles, electromagnetic inelasticity, etc. , should therefore be related to the participating nucleons only, whereas spectator nucleons should be disregarded (see Sec. VI for extra Huctuations).
For practical calculations of atmospheric propagation, the cross section 0;", is transformed into collision mean &ee path, in the atmosphere A;, ; for instance, the mean free path for nucleons in the atmosphere is carried out by the formula Fig. 1 .
In order to examine the sensitivity to the primary mass composition of quantities measured as a hybrid detector we provide a direct test of the primary mass resolution of correlations between observed quantities dispersed around the averages with the primary energy. It has been well established that the air shower size N, is a very stable estimator with a quite negligible ambiguity of the primary cosmic ray energy on the observational level, as far as we are concerned, the mountain experiment, and related as Eo --a x N, (GeV), with a 2.0 -2.5; this factor weakly depends on Eo and is almost independent of the nuclear collision model [15, 4] . Shower size is also practically independent of the primary cosmic ray composition. This important characteristic can be observed through Fig. 7(a) and Fig. 7(b) where the correlation between primary energy and shower size is shown under the assumption of proton "normal" composition (P = 42'%%up, ct = 17%%up, CNO=14%, H = 14%, VH = 13%%uc) and heavy dominant composition (P = 14%%uo, ct = 8%%uo, CNO= 17%, H = 14/0, VH = 47'%%uo), respectively, in the primary Aux. Our calculations are in agreement with other independent calculations, for instance, Saito's paper [4] . The few -"-"-. ---i"-"-"i"". i---3 -""" I" " I " I -1 .1-I I 1 I -" -'1' ""I""I"I"1"l-l 14"" " I " "I" 1" I I I 1-11" "'" -I'" "I"1 "}" I 1t4 }1 
V. ANALYSIS ON INDIVIDUAL SHOWERS
The analysis on individual showers carried out in this work to obtain information on the masses and energies of primary nuclei &om observable shower quantities as There is another way to find the real point (Eo,A) when P(Eo,A) has two or more inaxiina and it can be achieved measured by a hybrid detector was developed on the basis of a method reported by Adachi et al. [18] . The method is fully used to get a useful clue to the estimation of the energies of p rays and their production heights, &om observable quantities of the electromagnetic cascade as observed by the emulsion chamber.
We make a blow up of this method to the case of primary nuclei initiating showers, even knowing that the stochastic nature of the atmospheric processes smears out the identity of the incident primary particle. However, as already shown in the last section, with Monte Carlo simulations one can derive average quantities and also investigate the Huctuation phenomena.
The method makes it possible to examine the structure of showers starting &om some observable parameters. It is, therefore, important because it permits one to derive other parameters which cannot be measured in direct form as primary nuclear mass.
Let the nonobserved quantities, the energy Eo and the mass number A, of a primary nucleus start a shower. The joint probability P E, A; E, N, EB E LEOLA of finding Eo and A at prescribed intervals (Eo + AEo) (10) of the Appendix, we have found that the joint probability method permits an accuracy better than 27'%%uo to the determination of the primary mass.
VII. CONCLU SIONS
it is the same method used for the primary mass estimation. The knowledge of the primary nucleus energy through the shower size N is crucial to a useful use of the method, because ambiguities in the interpretations of the joint probability function can be avoided.
On the other hand, in the last section, it was shown that the accuracy of the method to primary mass identification is better than 27% on average; this value is high enough to resolve the discrepancies in primary composition assumptions or, in other words, confirm a dominant proton or iron composition in the primary cosmic ray particles, in the region of 10i4-10i~e V.
The An advantage of this method is that the primary energy can be estimated from two independent modes: (a) from the air shower size N, and (b) from the joint probability together with the nuclear primary mass. This peculiar characteristic can be used to check the accuracy of the method that uses the joint probability, because (N )=A (A1) and the mean number of nucleon-nucleon interactions, N,~~, in nucleus-nucleus interactions is related as A nice analysis of Glauber's formalism is carried out in [20] . They show that (when the target nucleus is nitrogen) despite the fact that the N', ii distribution has a width larger than the 1V distribution (at large values of 1V, ii), both distributions have a maximum at one wounded nucleon and. both also decrease rapidly, i. 
The &agmentation probability of the incoming nucleus A in A' (with A' ) 4) when the target nucleus B is the air (nitrogen or oxygen) nucleus is taken according to a numerical table summarized by Tsao, Silberberg, and Letaw [22] and for the momentum distribution of fragments a model with minimal correlation among nucleon moments proposed by Goldhaber [23] is used, where the distribution function that reproduced experimental data is expressed as with (N ) given by Freir-Waddington data [24] , and for the free nucleon (Nt", ) distribution a function reported by the JACEE Group [25] 
The results obtained within this framework are a little different &om the results obtained &om the Glauber formalism as reported in [21] where a comparison with experimental results is also carried out.
